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SOME STUDIES ON CASEIN 
BY I,. A. MAYNARD 
In 1906, Plimmer and Bayliss' showed that when casein 
was digested with one percent caustic soda for 24 hours a t  
37' all the phosphorus was changed to a soluble inorganic 
form. During this period no soluble nitrogen was formed. 
The fact that so weak a solution of alkali rendered the phos- 
phorus soluble, but with no corresponding production of solu- 
ble nitrogen raised the question as to the state of union between 
the phosphorus and the rest of the casein molecule. It seemed 
possible that instead of being in chemical combination the 
phosphorus might be merely adsorbed. The experimental 
work to be described in this paper was undertaken in the hope 
of throwing some light on this question. 
The casein used in our experiments was prepared from 
skim milk according to the method described by Osborne2 
(1911). ,4 product free from calcium was obtained. 
The Separation of Phosphorus from Casein 
In order to check up the results obtained by Plimmer and 
Bayliss their work on the digestion of casein by caustic soda 
was repeated. According to the procedure followed by them 
casein in the concentration of one gram in 500 cc solution was 
allowed to digest at  37 O with one percent sodium hydroxide 
~o lu t ion .~  To determine the amount of soluble phosphorus 
formed at  a certain period, an aliquot of the digest was with- 
drawn and added to an equal volume of tannic acid solutions. 
The phosphorus remaining in the filtrate from this precipita- 
tion was considered soluble phosphorus. A similar method 
was used in the case of soluble nitrogen. The inorganic phos- 
phorus was determined in the caustic soda digest by direct 
Jour. Physiology, 33, 439 (1906). 
Jour. Biol. Chem., 9, 333 (1911). 
This solution was prepared according to Cathcart's formula half-strength, 
Jour. Physiology, 21,  497. 
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precipitation with magnesium citrate solution after acidifica- 
tion to  get rid of albuminous matter. 
In our experiments determinations of total and inorganic 
phosphorus were made after 24 hours digestion, the period a t  
which total digestion was obtained according to Plimmer and 
Bayliss. In determining the soluble phosphorus an aliquot of 
the caustic soda digest was precipitated with tannic acid solu- 
tion. The filtrate obtained was concentrated and the organic 
matter was oxidized with nitric and sulfuric acids. The re- 
sulting solution was treated according to the official gravi- 
metric method described in Bull. 107, Bur. of Chem., U. S. 
D. A. The total phosphorus was determined by the same 
procedure, using an aliquot of the caustic soda digest, but 
omitting the precipitation with tannic acid solution. In de- 
termining the inorganic phosphorus the magnesium citrate 
method was used and the phosphorus was weighed as mag- 
nesium pyrophosphate. 
The results obtained from the analysis for phosphorus 
checked those reported by Plimmer and Bayliss. These re- 
sults are listed in Table I .  The figures tabulated show the 
amounts of the different kinds of phosphorus present in equal 
amounts of the caustic soda digest. 
TA4BI,E I-DIGESTION OP CASEIN BY ONE PERCENT SODIUM HY- 
DROXIDE SOLUTION. 24 HOURS AT 37' 
Total P~OS Soluble P20j Inorganic P206 1 mgms Experiment 
I I - 1 
I 16.31 16.40 1 16.81 
2 1 1 7 . 2 2  16.97 1 1 7 .  I O  
1 I 
The question arose as to whether the phosphorus would 
be totally split off a t  a lower temperature provided a longer 
time was allowed for the alkali to act. Accordingly a one 
percent solution of the latter was allowed to act on the casein 
for two weeks a t  room temperature. It was found that all 
the phosphorus was thus changed to a soluble inorganic form. 
The results of these experiments are shown in Table 11. 
, 
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Total PzOj 
mgms 
16.58 
16.96 
TABLE 11-DIGESTION OF CASEIN BY ONE PERCENT SODIUM HI.- 
DROXIDE SOLUTION. Two WEEKS AT 25' 
I I I 
Soluble P203 
mgms 
13.01 
1 2 . 7 5  
Total Pz0s Experiment 
I 1 7 . 2 2  17 .  IO  ~ 16.68 
2 I 7 . I j  1 7 . 2 2  16.84 1 I 
Experiments were next run to ascertain how much of the 
phosphorus could be split off during 24 hours at room temper- 
ature. 
TABLE 111-DIGESTION OF CASEIN BE- ONE PERCENT SODIUM HY- 
The results are shown in Table 111. 
DROXIDE SOLUTION. 24 HOURS AT 2.5' 
Experiment 
I 
2 
Inorganic P2Oj 
mgms 
1 2 . 7 6  
1 2 . 7 5  
It is shown in Table I1 that one percent caustic soda will 
completely change the phosphorus of the casein molecule to 
an inorganic soluble form at  room temperature, provided suffi- 
cient time is allowed. No attempt was made to ascertain the 
minimum time requirement. Two weeks is evidently longer 
than necessary inasmuch as Table I11 shows that over 7 5  
percent of the phosphorus is changed in 24 hours. 
The Substance Precipitated from the Caustic Soda Digest by 
Acids 
Plimmer and Bayliss reported that a white precipitate was 
obtained on addition of sulfuric acid to the caustic soda digest. 
This precipitate was studied by us. Inasmuch as its chemical 
nature was not determined i t   ill be designated as substance 
A. It was found to be precipitated by sulfuric acid, hydro- 
chloric acid and acetic acid similar to the precipitation of 
casein dissolved in caustic soda. However, considerably more 
care was required to  obtain a rapidly settling precipitate and 
a clear supernatant liquid. The caustic soda digest was used 
in different dilutions together with various strengths of acid 
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in an endeavor to determine the conditions most favorable to 
precipitation. It was found desirable not to dilute the digest. 
No marked differences were obtained with the different acids 
used. The use of dilute acid gave the best results because a 
slight excess of acid carried some of the precipitate back into 
solution. This resulted in a cloudy supernatant liquid. After 
several trials a five percent hydrochloric acid solution was 
chosen as the precipitating agent. It was found desirable to 
add it drop by drop from a burette. 
In the precipitation of casein by acids a slight excess did 
not result in peptization of the precipitate formed. That this 
consequence occurred in the case of substance A was consid- 
ered due to salts present, resulting from the neutralization of 
the one percent sodium hydroxide in which the casein was 
digested. The presence of salts hinders the precipitation of 
casein and the same cause was considered operative in the 
case of substance A. To test this idea some of the digest was 
nearly neutralized with hydrochloric acid and then dialyzed. 
After salts had been removed from the digest in this manner, 
the precipitation process was not as sensitive to a slight excess 
of the precipitating agent. 
From the above work it seemed possible that precipita- 
tion was not complete when acid was added directly to the 
sodium hydroxide digest even though a clear supernatant 
liquid was obtained. To test this point some of this clear 
supernatant liquid in which the addition of more acid pro- 
duced no precipitate was dialyzed. After dialysis the addi- 
tion of acid produced a white precipitate similar in all respects 
to that thrown down by the acid in the original digest. Thus 
it was shown that the sodium chloride present in the latter 
prevented the complete precipitation of substance A. 
Although it was easier to precipitate substance A after 
dialysis, most of the product used in later experiments was 
precipitated without previous dialysis because the procedure 
was thus shortened. As previously indicated, with proper care a 
satisfactory product was obtained, and no differences could 
be noticed in products prepared by the different processes. 
Some  Studies o n  Casein I49 
The precipitate formed on the addition of acid to the 
caustic soda was purified by reprecipitation. The supernatant 
liquid was decanted off and the precipitate dissolved in just 
sufficient dilute caustic soda. The resulting solution was made 
up to the volume of the original digest and reprecipitated by 
acid. This process was repeated three times. The final caus- 
tic soda solution was filtered through pulp to clarify it. The 
final precipitate was washed with water, dilute alcohol, 95 
percent alcohol and ether. On adding the dilute alcohol the 
precipitate which was always previously white and flocculent, 
resembling in every respect the casein precipitate, became 
gummy and turned brown. When this gummy mass was 
worked up in a mortar with 95 percent alcohol it gradually lost 
its gumminess and its brown color, becoming a white precip- 
itate, much more finely divided than the casein precipitate ever 
was at that stage. After washing with ether the precipitate 
was allowed to dry in air and was finally obtained as a white 
powder. Ivo matter how carefully the precipitate was pre- 
viously purified the addition of dilute alcohol always resulted 
in the formation of a brown gum. When ether was added to 
the precipitate no brown gum was formed. When the pre- 
cipitate was repeatedly washed with water it gradually went 
back into colloidal solution due to the washing out of the pre- 
cipitating agent. 
Properties of Substance A 
The properties of substance A were studied to determine 
how it differed from casein. In  this connection several of the 
characteristic reactions of the latter were tried with the former. 
The results of this study will next be given. 
Substance A is very slightly soluble in water but tends to 
form a gummy mass which is colorless. It is insoluble in 95 
percent alcohol and ether. IZ forms a gummy mass in dilute 
alcohol and is somewhat soluble. Casein is insoluble in all 
these reagents and no gumminess results with any of them. 
It is precipitated 
by a very little acid but this precipitation is hindered by neu- 
Substance A is easily soluble in alkalies. 
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tral salts. An excess acid causes pectization. These proper- 
ties are also shown by casein. In  common with casein sub- 
stance A gives the Biuret test, the Hopkins-Cole reaction, the 
xanthoproteic reaction, and may be precipitated from solution 
by magnesium sulfate and sodium chloride without change of 
properties. 
Substance A becomes gummy in limewater and finally 
dissolves to form a clear solution. Casein, on the other hand, 
swells in limewater and forms a white solution similar in ap- 
pearance to milk. When the latter is heated coagulation does 
not occur but a skin forms over the surface. No change was 
observed on heating a limewater solution of substance A. 
Casein in limewater is coagulated by rennin. The solution of 
substance A in limewater shows no evident change when di- 
gested with rennin. 
Several experiments were conducted to determine whether 
substance A would adsorb the phosphoric acid radical. As 
pointed out earlier it seemed possible that such a state of 
union existed in consideration of the ease with which the 
phosphorus is split off. Samples of substance A were dissolved 
in varying concentrations of phosphoric acid. Another sam- 
ple was dissolved in caustic soda and phosphoric acid added 
until the resulting precipitate was pectized. Other samples 
were left in contact with various acid salts of phosphoric acid. 
At the end of a few days the acid solutions were neutralized 
by alkali to the point where a precipitate was formed. These 
precipitates were filtered and purified by dissolving in alkali 
and reprecipitating by hydrochloric acid and repeating the 
process. The final precipitate was washed with water, alcohol 
and ether. During the washing with dilute alcohol the precip- 
itate went through the brown gum stage similar to the behavior 
exhibited by substance A. The final product was a white 
powder which resembled substake A rather than casein in its 
reactions. The trials were repeated allowing a considerably 
longer period for the absorption to take place. In one case 
a sample of substance A was dissolved in alkali and phosphoric 
acid added nearly to the point of precipitation thus leaving the 
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solution alkaline. All the trials failed to result in a product 
containing adsorbed phosphoric acid. 
It has been stated that substance A is peptized by either 
limewater or phosphoric acid forming a clear solution. In 
this connection the following experiments were made. To a 
clear solution of substance A in limewater very dilute phos- 
phoric acid was added drop by drop. A milky solution formed 
and no precipitate settled out. Addition of excess acid caused, 
of course, precipitation. Reversing the procedure, limewater 
was added to a solution of substance A in phosphoric acid. 
Again a milky solution was formed. In  both the above cases 
it must be considered that tricalcium phosphate was formed 
but did not settle out because it was peptized by substance A. 
The Filtrate Obtained from the Precipitation of Substance A 
It was stated by Plimmer and Bayliss that the filtrate ob- 
tained after the precipitation of the white substance from the 
caustic soda digest contained albumoses precipitated on half 
saturation and complete saturation with ammonium sulfate. 
It was shown by us that the clear filtrate from the precipita- 
tion of substance A still contained some of that substance held 
in solution by sodium chloride present. The question there- 
fore arose whether the precipitate obtained by Plimmer and 
Bayliss with ammonium sulfate might not have been due a t  
least in part to incomplete precipitation by acid in the original 
digest. Accordingly some of the filtrate from the precipita- 
tion of substance A was saturated with ammonium sulfate. 
The resulting precipitate was filtered off, washed with alco- 
hol and ether, and dried. It was a white powder resembling 
substance A in appearance. However, it  differed markedly 
from the latter in that it was quite soluble in water. This 
indicated that the ammonium sulfate precipitate consisted 
chiefly a t  least of albumoses. It seemed probable, however, 
that  a certain amount of substance A was also present due to 
incomplete precipitation in the original digest. To test this 
point, some of the ammonium sulfate precipitate was dissolved 
in just sufficient dilute caustic soda. This solution was dil- 
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uted with five volumes of water and dilute hydrochloric acid 
drop by drop. A precipitate was obtained which was found 
to resemble substance A in all its reactions. The filtrate from 
the above was saturated with ammonium sulfate and another 
precipitate was obtained. The latter was completely soluble 
in water and was much larger than the one obtained on the 
addition of acid. Thus it was shown that the precipitate 
obtained on saturation with ammonium sulfate contained some 
of substance A but consisted principally of albumoses as stated 
by Plimmer and Bayliss. 
The Splitting Off of Sulphur by One Percent Caustic Soda 
Sulfur is believed to be present in the protein molecule in 
two forms-loosely combined sulfur and oxidized sulfur. The 
former is present in the greatest amount and is easily split off 
by alkali. In this connection it seemed worth while to note 
the effect of the caustic soda digestion on the sulfur of the 
casein molecule. Loosely combined sulfur was found present 
in casein before digestion but neither substance A or the al- 
bumoses precipitated by ammonium sulfate gave a test for it. 
Thus this sulfur must have been split off in a soluble form by 
the one percent caustic soda. Tests for sulfate showed that 
this was not the form into which the loosely combined sulfur 
was changed by the caustic soda digestion. Both substance 
A and the albumoses gave tests for oxidized sulfur. 
Summary 
The phosphorus of the casein molecule is split off and 
changed to a soluble inorganic form by the action of one per- 
cent caustic soda at  room temperature. During this digestion 
the loosely combined sulfur is also split off. 
On addition of acids to the caustic soda digest a t  the end 
of the digestion a white precipitate is obtained which was 
studied in some detail and designated for convenience,-sub- 
stance A. The properties of this substance were determined 
with special reference to its difference from casein. The sub- 
stance exhibited colloidal properties similar to casein as re- 
gards its behavior with acids and alkalies. A similarity was 
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also noted in connection with its response to protein tests and 
its precipitation by salt solutions. However, marked differ- 
ences were shown as regards solubility in different reagents. 
A limewater solution of substance A showed none of the char- 
acteristic properties of a similar solution of casein. However, 
when phosphoric acid was introduced into the former in such 
a way as not to destroy the colloidal solution a milky solution 
was obtained which on heating behaved similar to a limewater 
solution of casein. Evidence is here furnished for the suppo- 
sition that the white color of milk is due to the peptization of 
tricalcium phosphate by the colloids in the milk. 
Attempts to cause substance A to adsorb the phosphoric 
acid radical were unsuccessful. This experimental work, how- 
ever, furnishes no proof that such a state of union is not pres- 
ent. Inasmuch as sulfur and albumoses are also split off from 
the easein molecule by caustic soda these substances are prob- 
ably closely associated with the phosphorus and therefore, 
assuming that phosphorus is adsorbed, their presence may be 
essential to the union. 
The author wishes to acknowledge his indebtedness to 
Prof. Wilder D. Bancroft for valuable suggestions and advice 
in carrying out the above study. 
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